Background--Little is known of the impact of social factors on mortality after coronary artery bypass grafting (CABG). We explored sex-and age-specific associations between mortality risk after CABG and marital status, income, and education.
few studies have been adequately powered to examine the impact of several factors such as education, marital status, household income, and mortality simultaneously. In addition, to our knowledge, no previous study has explored the impact of socioeconomic disadvantages in men and women of different ages. Therefore, our aim with this study was to explore sex-and age-specific associations between social factors and mortality risk among CABG patients.
The Swedish Heart Surgery Registry is a part of the SWEDEHEART registry, with 99% coverage of all open-heart surgery in Sweden 12 ; in combination with other national registries, it offers the possibility of investigating simultaneously the influences of several dimensions of socioeconomic disadvantage and long-term survival in patients who have undergone CABG.
Methods Data Collection
The SWEDEHEART registry (Swedish Web-system for Enhancement and Development of Evidence-Based Care in Heart Disease Evaluated According to Recommended Therapies) was used to identify 112 355 men and women over 18 years of age who underwent an isolated CABG in Sweden during the period 1992 to 2015. Codes for surgical procedures were defined by The Swedish National Board of Health and Welfare (Classification of surgery, sixth edition, 1987, and Nordic Classification of surgical procedures, 1997). To obtain first isolated CABG procedures, the following codes were used: 3066, 3105, 3127, 3158, 3092, 3080, FNA, FNB, FNC, FND, FNE, FNF. The authors declare that all supporting data are available within the article, and its online supplementary files.
To obtain data on social variables, we used the Longitudinal Integration Database for Health Insurance and Labor Market Studies register (LISA). The LISA database started in 1990 with a coverage of 80% among citizens aged over 16 years, and it is updated annually. Marital status was divided into 4 levels: (1) Married/cohabitating; (2) Never been married; (3) Divorced; and (4) Widowed. Length of education was stratified into 3 levels: (1) Under 10 years (compulsory school only); (2) 10 to 12 years (upper school); and (3) Over 12 years (college/ university level). Income was measured as annual household disposable income at year of surgery, stratified into 5 quintiles from Q1 (lowest) to Q5 (highest). The consumer price index according to Swedish statistics (SCB) was used to adjust for inflation rates over time. If data were missing for the year of surgery, the latest information about education, marital status, and income was imputed from records for the most recent years before the surgery. In total, 1613 (1.4%) individuals were excluded because of missing data regarding education, marital status, or income. After exclusion, a total of 110 742 men and women remained for analysis.
Data on comorbidities registered before the date of admission for CABG surgery were retrieved from the IPR (Swedish National Inpatient Register), where registration is mandatory for principal and contributory diagnoses. This register have complete national coverage since 1987, with an overall diagnosis validity of 85% to 95%. 13 I65-I65.9, I70-174, I77), renal insufficiency (ICD-9: 584-586; ICD-10: N17-N19), congenital heart disease (ICD-9: 745-747; ICD-10: Q20-Q26), malignancy (ICD-9: 140-208; ICD-10: C00-C97) and PCI (ICD-9: 3080; ICD-10: FNG02, FNG05). The Swedish Cause of Death register includes information on all deaths since 1961. 14 Data from the 4 national registers were linked together through a personal 10-digit social security number, unique for all Swedish citizens. Mean follow-up time for all individuals was 10.1 years (interquartile range 5.5-14.8). The primary end point for the study was all-cause mortality. For age-specific analysis the study population was stratified into age groups (18-54, 55-64, 65-74, and ≥75),
Clinical Perspective
What Is New?
• Social factors such as low education, not being married, and low household income are associated with increased mortality risk after coronary artery bypass grafting in both men and women.
• Disadvantages in social risk factors shorten median life expectancy after coronary artery bypass grafting by 4 to 5 years for both men and women.
What Are the Clinical Implications?
• The results emphasize the importance of developing better educational approaches for secondary prevention strategies, particularly in coronary artery bypass grafting patients with severe social disadvantages.
• Healthcare professionals need to support and increase patients' knowledge about secondary prevention strategies after coronary artery bypass grafting.
except for the survival analysis in patients with different socioeconomic profiles, where only patients aged 60 and 70 years were included.
Statistical Analysis
All statistical analyses were performed using SAS Software version 9.4 (SAS Institute Inc., Cary, NC The present study is an observational register study and according to the purpose of the study, all analyses can be considered as exploratory. No adjustment for multiple testing was performed, but P levels should be interpreted cautiously unless very small (eg, <0.001). In order to calculate age-and sex-specific hazard ratios (HR) with 95% CI, Cox proportional hazards regression analyses were conducted separately for men and women overall and by age group, 18 to 54, 55 to 64, 65 to 74, and ≥75 years. For marital status, the category married was used as reference; for education, >12 years was used, and for income, highest income quintile (Q5) was used. The first model was adjusted for age only. The final multivariable model was adjusted for age, year of surgery, baseline characteristics (previous myocardial infarction, diabetes mellitus, hypertension, heart failure, atrial fibrillation, stroke, chronic respiratory disease, peripheral vascular disease, renal insufficiency, malignancy, and congenital heart disease), and social variables other than the variable under study. The proportional hazards assumption for the main effect variables was checked by reviewing the graphs of log (Àlog (survival)) versus log (time) and was found to be fulfilled. The interaction between the social variables of interest and sex was included in a separate model. Additionally, we examined whether the effect of social variables statistically differed between age groups by introducing an interaction term of social variable9age group into the model. An adjusted Cox regression as above but also including the interaction terms sex9married, sex9education, sex9income, sex9age, married9education, and education9income was conducted; this was used to construct survival probability curves for typical men and women of 60 and 70 years with the following characteristics: (1) Married/cohabiting, >12 years of education, and highest income quintile; and (2) Not married, <10 years of education, and lowest income quintile. All tests were 2-tailed and conducted at the 0.05 significance level.
Ethical Approval
The study was approved by the regional Ethics Board of Gothenburg (approval number 139-16). To ensure anonymity, all personal identifiers were replaced by codes in the data set before analysis.
Results
A total of 110 742 patients were included: 87 106 (78.7%) men and 23 636 (21.3%) women. The overall mean age was 65.8 years for men and 68.4 years for women (Table) . Women were more likely than men to have previous diabetes mellitus, hypertension, heart failure, chronic respiratory disease, or peripheral vascular disease. Men were more likely than women to be married (68.9% versus 50.4%), whereas women were more likely to be widowed (26.1% versus 6.3%). The proportion with <10 years of education was higher among women than among men (55.7% versus 46.2%), and a higher proportion of women than men were in the lowest income quintile (36.7% versus 15.5%).
In the age-specific analysis, women had a higher proportion of diabetes mellitus, hypertension, heart failure, and chronic respiratory disease than men (Table S1 ). The differences in comorbidities between men and women were reduced with higher age. In all age categories, there was a larger proportion of men than women in the highest income quintile. In the oldest age category, 52.5% of the women and 19.0% of the men were in the lowest income quintile.
Marital Status
After considering differences in age, comorbidities, educational level, and income, we found that men and women who had never married, or were widowed, or divorced had higher mortality compared with married men and women, with a stronger effect in women (interaction P=0.030) and in younger patients ( Figure 1 ). There was also a significant interaction between age and marital status in men in the overall analysis with a stronger effect in younger men (P<0.0001) (Table S2) . Analyses adjusted for age only are shown in Table S3 . After multivariable adjustments in the age-specific analyses, lower estimates for mortality were observed for men in all age categories, with no significant interaction between men and women. The greatest adverse risk of not being married was observed among the youngest patients (interaction P=0.71).
Education
In the multivariable-adjusted analysis, the overall mortality risk was greater for those with the lowest education (>10 years) compared with those with the highest education (high school or university) in both men (HR 1.15, 95% CI 1.11-1.19) and women (HR 1.25, 95% CI 1.16-1.35), with no significant interaction between education and sex (interaction P=0.75) (Figure 2 ). No significant interactions between age and education could be observed in men or women.
In the age-specific multivariable analysis, a high education level in men was protective, irrespective of age. In women, education was also protective, although not significantly so for all age groups and not at all among the youngest women. CIs were generally wider for men than for women. The only significant interaction for education was found in men and women aged 55 to 64 years in the model with adjustments for age, sex, year of surgery, and social variables but without adjustments for comorbidities (P for interaction 0.036 [ Table S4 ]).
Level of Income
Overall, high income was associated with lower mortality risk in both men and women in the age-adjusted models (Table S3) , and this association remained robust in the multivariable-adjusted model ( Figure 3 ). Although the mortality risks associated with low income were slightly reduced in the multivariable-adjusted model, men with lower income had a more marked association with mortality risk than women. Mortality risk for men in the lowest income quintile was 44% greater than for men in the highest income quintile, with a corresponding difference of 25% in women (HR 1.44, 95% CI 1.38-1.51, versus HR 1.25, 95% CI 1.14-1.38, interaction between sex P=0.0036). The effect of income was stronger in younger, compared with older men (P for interaction <0.0001 [ Table S2 ]). In the age-specific analyses, HRs were generally higher for men than for women, and the only significant interaction was observed in the age group 65 to 74 years. This significant interaction for this age group was not observed in the multi-adjusted models with adjustments for age, sex, year of surgery, and social variables but without adjustments for comorbidities (P for interaction 0.11 [ Table S4 ]). Women aged 75 years or older with low income showed a higher mortality risk than men, but there was no significant interaction between income categories and sex in the multivariable-adjusted model. Among patients in this age group, the HR in the lowest income quintile was 1.52 (95% CI 1.25-1.85) for women and 1.18 (95% CI 1.07-1.30) for men (interaction P=0.20).
Survival Probability
Patients who were unmarried, or divorced or widowed, had the lowest education, and were in the lowest income quintile had an increased mortality risk and a shorter median life expectancy compared with those who were married/cohabiting, with the highest education, and highest income quintile (Figures 4 and 5 ). In men with a standardized age of 60 years, and with the latter characteristics, the estimated mortality risk at 10 years after surgery was 12%, as opposed to the men with the most adverse conditions where the corresponding risk was 21% (survival probability 0.88, 95% CI 0.87-0.89) versus 0.79, 95% CI 0.78-0.79). The median life expectancy in men with the most beneficial combination of social factors was 5.0 years longer than in men with the most adverse combination (21.5 and 16.5 years, respectively, Figure 4 ). Corresponding results for women (standardized to 60 years) showed a better overall survival rate than in men (Figure 4 ). At 10 years after surgery, the mortality risk was 18% for those with the most adverse combination of social risk factors and 11% for those with the most beneficial combination (survival probability 0.82, 95% CI 0.81-0.83 versus 0.89, 95% CI 0.88-0.91), with median survival time 17.6 and 22.6 years, respectively. Survival probability at 10-year follow-up among men and women standardized to 70 years of age at the time of surgery showed a similar pattern to those standardized to 60 years of age, with lower survival probability in men compared with women. Men with the most adverse combination of social risk factors displayed the highest mortality risk of all groups, with an 39% increased risk of death at 10 years compared with 23% among men with the most beneficial combination (survival probability 0.61, 95% CI 0.60-0.62, versus 0.77, 95% CI 0.76-0.78), and they lost a median life expectancy of 4.2 years ( Figure 5 ). A similar pattern was seen among women aged 70 years (survival probability 0.68, 95% CI 0.67-0.69 and 0.79, 95% CI 0.79-0.82, respectively), where women with the most adverse combination of social risk factors lost a median life expectancy of 3.9 years (13.3 years versus 17.3 years).
Discussion
In this large population-based study, we explored the association between social factors, age, sex, and long-term mortality risk in patients who underwent CABG surgery. Our results unequivocally demonstrate a strong association between disadvantages in social factors and mortality risk after CABG. The association between not being married and the increased risk of mortality was, in general, more pronounced in women than in men. In contrast, low income was associated with a higher mortality risk in men than in women. The estimated difference in survival between the lowest and the highest risk in social factors was considerable, with a median difference of 4 to 5 years when operated at age 60 years.
There is a lack of data available on the association between marital status and mortality risk in CABG populations. In this study, both men and women who were married or cohabiting showed a better survival after CABG than those who were not married, divorced, or widowed. These results are in concordance with previous findings in patients with cardiovascular disease 15 and are further supported by a small study in CABG patients, which showed that men and women who live alone tended to have a reduced long-term survival. 16 However, in our study, after adjustments for comorbidities, education, and income level, we found that the association between marital status and mortality was stronger in women than in men. Several underlying factors may be responsible for the increased mortality risk in patients who live alone, including more limited family support during the extensive recovery period after surgery, substance abuse, and depression. [17] [18] [19] The increased risk for unmarried women may at least partially be caused by the increased use of antidepressant medication and higher incidence of alcohol dependence in women than in men undergoing CABG. 18 It is possible that the results reflect the fact that unmarried women undergoing CABG may have a lower level of social support after hospital discharge than unmarried men. Interestingly, women living alone who underwent cardiac surgery rated their healthrelated quality of life lower than men. 20 Women have also reported more unfavorable health-related quality-of-life scores in general health, physical functioning, mental health, vitality, and bodily pain compared with men 12 months after cardiac surgery.
21
Low household income was associated with an increased mortality risk in both men and women. Dal en et al reported similar associations 6 in a Swedish patient cohort undergoing a wide variety of cardiac surgery procedures. In a subgroup analysis in patients who underwent isolated CABG, they reported an association between low income and increased mortality risk. In the present study, extending the analysis in CABG patients only, with sex-and age-specific analyses, we were able to confirm that CABG patients with low income had increased mortality, but we also found a significant interaction between sex and income, where the inverse association between income and mortality was stronger in men than in women (P=0.0036).
The reasons for the association between low income and poor outcomes are multifactorial. For example, patients undergoing CABG who live in high deprivation areas have more clinical risk factors, such as smoking, diabetes mellitus, and cardiovascular complications than patients living in nondeprived areas. 22 Associations between financial barriers and poor health have also been found in patients with myocardial infarction and in the general population. 23,24 Men and women with financial barriers rated their health status lower regarding quality of life, stress, and depression; they reported lower adherence to medication and often failed to schedule follow-up visits, and they had higher rates of nonparticipation in cardiac rehabilitation after myocardial infarction. 24 It is possible that low household income both negatively influences adherence to secondary prevention and decreases quality of life, which in turn may reduce long-term survival after CABG.
24
The association between low income and mortality was stronger in men than in women. Low household income may have a greater effect in men because of their perceived larger responsibility for the family finances. Suboptimal medical secondary prevention therapy or lack of adherence to medication could also be explanations. Pakpour et al found that women showed better adherence to medical therapy than men following CABG. 25 Furthermore, men with lower income were less often prescribed secondary medication after myocardial infarction compared with men with higher income. 26 A study of a general population in Japan showed that, compared with women with lower annual household income, men in this category presented lower health-related quality-of-life scores in all domains of the SF 36 health questionnaire.
27
When comparing men and women with the most adverse to those with the most beneficial social risk factors, a marked difference was observed in survival probability and a markedly reduced long-term survival in the former category in both men and women. The explanation is most probably multifactorial. In addition to the factors mentioned above, social inequalities can activate and preserve a range of social patterns and health-related behavior 2 and increase the prevalence of cardiovascular risk factors such as hyperlipidemia, diabetes mellitus, and smoking. 2, 5, 24 Previous studies have shown that low education is strongly associated with risk of obesity, 28 smoking, 29 and with lower life expectancy for both men and women. 30,31 Our study also showed that low education is associated with an increased mortality risk after CABG. Low education may be associated with difficulties in managing and understanding health advice or instructions. In Sweden, all citizens have access to tax-financed health care, and medications are subsidized. Despite equal access to health care and medication, our findings show that men and women with adverse social risk factors have a higher mortality risk than those with a more favorable situation. Accordingly, patients with adverse social risk factors may benefit from more attention within the healthcare service with respect to secondary prevention after CABG.
The present study shares the limitations of any populationbased registry study, including bias from unregistered variables such as smoking, obesity, diet, physical activity, stress, extent of the coronary artery disease, cardiac function, and selection bias. Although we did adjust for several factors, information about these clinical and lifestyle factors might have influenced the results. Income was measured as household income, and it is possible that this measure is not representative of each individual's economic capacity; some individuals may have a low income because of illness and inability to work but be supported by income from their spouses.
The main strength of this study is that we included a large nationwide sample, data collection from different registries and databases, and an extensive follow-up (24 years). This large sample size allowed the analysis of smaller subgroups, such as younger men and women.
In conclusion, this large population-based study shows that social factors are associated with increased long-term mortality after CABG in both men and women. The association persisted after multivariable adjustments for cardiovascular and social risk factors. The association with increased mortality risk associated with being unmarried was more marked in women than in men. However, men with the most adverse social pattern had the poorest survival after surgery and the highest mortality risk associated with income level. This study demonstrates the importance of developing strategies for secondary prevention in CABG patients with social risk factors, identifying a vulnerable group. Patients who undergo CABG have advanced ischemic coronary artery disease and are often suboptimally treated. 32 Limiting progress of the disease through medical interventions 33 is obviously of major importance. Moreover, lifestyle changes are equally important, including support and education about the benefits of smoking cessation, diet, and physical activity. 34, 35 More than half of the declining trend for coronary heart disease mortality in Sweden is explained by reductions in risk factors. 36 Furthermore, a Danish study observed a similar declining trend attributable to reductions in risk factors regardless of socioeconomic position, but individuals with better socioeconomic positions had a more favorable relative reduction. 37 Individuals with a stressful economic situation have fewer opportunities to follow advice about a healthier lifestyle, and educational level may also influence the chance to adopt a healthy lifestyle. 38 Hence, there is room for improvement in educational approaches to increase patients' knowledge of the importance of secondary prevention but also to make the adherence to secondary prevention strategies sustainable, particularly to those with the highest burden of social disadvantages. Customized advice in secondary prevention related to patient abilities need to be thoroughly implemented and evaluated regularly. Future research should focus on the impact of how different pedagogical approaches affect patients' adherence to secondary prevention and whether this leads to reduced mortality, specifically in vulnerable groups undergoing CABG. 
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